
KTH ROYAL INSTITUTE OF TECHNOLOGY
SCHOOL OF BIOTECHNOLOGY (BIO)

DOCTORAL THESIS IN
STOCKHOLM, SWEDEN 2005

Exploiting enzyme
promiscuity for ratio-
nal design

CECILIA BRANNEBY

Academic Dissertation which, with due permission of the KTH Royal
Institute of Technology, is submitted for public defence for the degree
of Doctor in Technology on Friday the 20th May 2005, at 1:00 p.m. in
Oskar Kleins auditorium, AlvaNova, , .



ISBN: 91-7178-008-4 |
http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-199

Abstract

Enzymes are today well recognized in various industrial applications, being
an important component in detergents, and catalysts in the production of
agrochemicals, foods, pharmaceuticals, and fine chemicals. Their large use is
mainly due to their high selectivity and environmental advantage, compared
to traditional catalysts. Tools and techniques in molecular biology offer the
possibility to screen the natural sources and engineer new enzyme activities
which further increases their usefulness as catalysts, in a broader area.

Although enzymes show high substrate and reaction selectivity many
enzymes are today known to catalyze other reactions than their natural
ones. This is called enzyme promiscuity. It has been suggested that enzyme
promiscuity is Nature’s way to create diversity. Small changes in the protein
sequence can give the enzyme new reaction specificity.

In this thesis I will present how rational design, based on molecular
modeling, can be used to explore enzyme promiscuity and to change the
enzyme reaction specificity. The first part of this work describes how Candida
antarctica lipase B (CALB), by a single point mutation, was mutated to give
increased activity for aldol additions, Michael additions and epoxidations. The
activities of these reactions were predicted by quantum chemical calculations,
which suggested that a single-point mutant of CALB would catalyze these
reactions. Hence, the active site of CALB, which consists of a catalytic triad
(Ser, His, Asp) and an oxyanion hole, was targeted by site-directed mutagenesis
and the nucleophilic serine was mutated for either glycine or alanine. Enzymes
were expressed in Pichia pastoris and analyzed for activity of the different
reactions. In the case of the aldol additions the best mutant showed a four-fold
initial rate over the wild type enzyme, for hexanal. Also Michael additions and
epoxidations were successfully catalyzed by this mutant.

In the last part of this thesis, rational design of alanine racemase from
Geobacillus stearothermophilus was performed in order to alter the enzyme
specificity. Active protein was expressed in Escherichia coli and analyzed.
The explored reaction was the conversion of alanine to pyruvate and 2-
butanone to 2-butylamine. One of the mutants showed increased activity for
transamination, compared to the wild type.
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